Background: Ginsenosides are the major effective ingredients responsible for the pharmacological effects of ginseng. Malonyl ginsenosides are natural ginsenosides that contain a malonyl group attached to a glucose unit of the corresponding neutral ginsenosides. Methods: Medium-pressure liquid chromatography and semipreparative high-performance liquid chromatography were used to isolate purified compounds and their structures determined by extensive one-dimensional-and two-dimensional nuclear magnetic resonance (NMR) experiments. Results: A new saponin, namely malonyl-ginsenoside Re, was isolated from the fresh flower buds of Panax ginseng, along with malonyl-ginsenosides Rb1, Rb2, Rc, Rd. Some assignments for previously published 1 H-and 13 C-NMR spectra were found to be inaccurate.
Introduction
Panax ginseng Meyer is one of the most widespread traditional drugs used in China for thousands of years to produce various pharmacological and biological effects. The most important components contributing to its multiple medicinal properties are the ginsenosides, a group of triterpenoid saponins. Up to now, > 150 ginsenosides have been isolated from Panax species [1] . Among these known compounds, malonyl ginsenosides (M-Rs; e.g., m-Rb 1 , m-Rb 2 , m-Rc, and m-Rd) are natural ginsenosides that exist in both fresh and air-dried ginseng and contain a malonyl residue attached at the 6-position of a glucosyl unit of the corresponding neutral ginsenoside [2, 3] . Malonyl ginsenosides are considered an important form of ginsenoside in white ginseng, however, they are unstable and readily demalonylated or decarboxylated to their respective counterparts or acetylates by treatment with hot water or hot methanol [3e6] .
Because malonyl ginsenosides are thermally unstable, their monomeric compounds are hard to obtain, although up to 20 malonyl ginsenosides have been detected by liquid chromatography/quadropole time-of-flight mass spectrometry [7] . Only six malonyl ginsenosides have been isolated and characterized [8e11]. Kitagawa et al [8] and Yamaguchi et al [9] reported the presence of malonyl ginsenosides Rb1, Rb2, Rc, and Rd in both P. ginseng and P. quinquefolius [8, 9] . Sun et al [10] and Ruan et al [11] isolated malonyl notoginsenoside R 4 and malonyl-ginsenoside Ra 3 from the fresh roots of P. ginseng, respectively [10, 11] . All previously isolated malonyl ginsenosides were derived from protopanoxadiol (PPT)-type ginsenosides [12] .
In this study, we isolated five malonyl ginsenosides from the flower buds of P. ginseng and malonyl-ginsenoside Re (M-Re) was obtained as a PPT-type malonyl ginsenoside for the first time. Identification and characterization of ginsenosides are usually conducted using nuclear magnetic resonance (NMR) analyses , but several imperfections and/or inaccuracies existed in the published NMR data of malonyl ginsenosides given the lack of twodimensional (2D) NMR techniques at the time of characterization. Here, with the help of modern 2D NMR techniques including correlation spectroscopy, rotating frame nuclear Overhauser effect spectroscopy (ROESY), heteronuclear single-quantum coherence (HSQC), and heteronuclear multiple-band coherence (HMBC) experiments, complete NMR assignments of malonyl-ginsenosides Rb 1 , Rb 2 , Rc, Rd, and Re were determined for the first time.
Materials and methods

General experimental procedure
Medium-pressure liquid chromatography (MPLC) purifications were carried out on a Yamazen YFLC-AI-580 instrument (Yamazen Co., Osaka, Japan) equipped with silica gel columns (Hi-Flash columns, silica gel: 40 mm, 26 mm Â 150 mm internal diameter column). Reversed-phase semipreparative high-performance liquid chromatography (HPLC) was performed on an instrument consisting of Prostar/Dynamax system control, a Varian PS-218 pump, and a Prostar 325 UV-Vis detector with a Varian Polaris C18-A semipreparative column (250 mm Â 10 mm, 10 mm; Agilent Technologies, Santa Clara, CA, USA). Thin-layer chromatography (TLC) was performed using a silica gel 60 RP-18 F 254S and Kieselgel 60 F 254 , with spots detected by spraying 10% H 2 SO 4 in ethanol followed by heating at 105oC. HPLC was carried out using an Agilent TC-C18 column (5 mm, 250 mm Â 4.6 mm; Agilent Technologies) and products were eluted with a step-wise gradient at a flow rate of 1.0 mL/min using solvent A (water containing 0.0005% ammonium hydroxide and 0.02% ammonium acetate) and solvent B (acetonitrile). The elution rate using solvent B was 17.5% for 0e 4 min, 17.5e28.9% for 4e9 min, 28.9e40% for 9e19 min, and 40% for 19e24 min.
The 1 H-, 13 C-, and 2D-NMR spectra were measured using a Bruker AV600 NMR spectrometer (Bruker Co., Karlsruhe, Germany; 170oC and increased to 200oC at 3oC/min, then increased further to 220oC at 0.8oC/min. Inlet temperature was set to 270oC, with hydrogen carrier gas and a 1/15 split, and N 2 was used as the carrier gas (1.0 mL/min flow rate). The infrared (IR) spectra were recorded on a Bruker Vertex 70 FT-IR spectrophotometer (Bruker Co., Ettlingen, Germany) using potassium bromide pellets.
Plant material
The fresh flower buds of P. ginseng were collected from Fu-Song, Jilin, China, in May 2014, and authenticated by one of the authors, Professor Shi-quan Xu. A voucher of the specimen collected (ZYC-RS-20131008) was deposited in the conditions of À20oC at the Institute of Special Wild Economic Animals and Plants, Chinese Academy of Agricultural Sciences.
Extraction and isolation
The fresh flower buds of P. ginseng (2.0 kg) were extracted five times with 80% methanol, a 6Â dilution of the extracting solution was subjected to a nanofiltration membrane (ESNA1-K1-8040, Hydranautics Corporation, USA) to eliminate most of the pigment, and the filtrate (96.8 g) subjected to column chromatography on a porous polymer polystyrene resin (AB-8). After washing the column with eight column volumes of distilled water, elution was carried out with 30% and 60% aqueous ethanol, and finally with 100% ethanol. The fraction eluted with 30% ethanol (8.9 g) was loaded onto a MPLC system and eluted with CH 2 Cl 2 -MeOH-H 2 O (5:1:0.1-4:1:0.1-3:1:0.1) to yield six fractions (AG1-6). Fraction AG4 (2.2 g) was further separated using semipreparative reversedphase HPLC and eluted with CH 3 CN-H 2 O (1:4) at 3 mL/min to yield malonyl-ginsenoside Re (30 mg; t R 25.2 min). The fraction eluted with 60% ethanol (48.0 g) was processed on a MPLC system using a linear gradient elution (7 mL/min) of 25e45% methanol in CH 2 Cl 2 for 250 min in order to collect fraction BG1-9. M-Rb 1 , M-Rb 2 , M-Rc, and M-Rd were primarily distributed within fraction BG8 through analysis by LC/MS. Fraction BG8 (7.8 g) was then applied to semipreparative reversed-phase HPLC using a linear gradient elution (3 mL/min) of 29e34% acetonitrile in water for 50 min to yield M-Rb 1 (21 mg; t R 19.7 min), M-Rb 2 (18 mg; t R 24.0 min), M-Rc (22 mg; t R 29.8 min), and M-Rd (27 mg; t R 43.9 min; Fig. 1 ).
Characterization of compounds 1e5
Compound 1 was obtained as a white amorphous powder and gave peaks at m/z 1,031. . LibermannBuchard and Molish reactions were positive. Eight methyl groups and six quaternary carbons were identified in the analysis of the NMR spectrum (Tables 1 and 2 ). Molish reaction was used to proof the existence of saccharides, and test of Libermann-Buchard for steroids or triterpenes.
Compound 2 was obtained as a white amorphous powder. The molecular formula was determined as C 57 
Acid hydrolysis of compound 1
Compound 1 (5.0 mg) was hydrolyzed with 3.0N HCl (5 mL) at 100oC for 2 h. The reaction mixture was extracted with chloroform to afford the aglycone, and the aqueous layer was repeatedly evaporated to dryness with methanol until neutral. The sample was then analyzed by TLC over a silica gel with n-BuOH-AcOH-H 2 O (9:4:2) as the developing solvent. The sample spots were detected by spraying diphenylamine-aniline-phosphoric acid reagent (2% aniline in acetone: 2% diphenyl in acetone: 85% phosphoric acid ¼ 5:5:1) and heating at 100oC [13] . The chromogenic agent was used to react with monosaccharides and appear coloration through heating. b-D-Glucose and a-L-rhamnose were used as authentic samples. Furthermore, the aqueous layer residues mentioned above were dissolved in anhydrous pyridine (2 mL) and stirred with L-cysteine methyl (1.5 mg) for 1 h at 60oC, then 1.2 mL of hexamethyldisilazane:trimethylchlorosiane (3:1) was added and the mixture was stirred at 60oC for another 30 min. The precipitate was centrifuged and the supernatant dried under N 2 steam at room temperature [14] . The residue was partitioned between hexane and water, and the hexane layer was analyzed by GC. Identification of Dglucose and L-rhamnose was carried out for compound 1, giving peaks at 9.90 min and 17.08 min, respectively.
Results
Compound 1 was obtained as a white amorphous powder. The molecular formula was determined as C 51 
.925 ), which indicated that the C-1 Glc 0 , C-1 Glc 00, and C-1 Rha 000 were linked to C-6, C-2 0 , and C-20, respectively. The malonyl group was assigned to the C20-glc-C-6 000 position based on the correlations of C20-glc-H-6 000 with C-M1 and C-4 000 , as shown in Figure 3 . The structures of compounds 2e5 were identified based on their spectroscopy data and by comparison of their data with literature sources [8, 18] . The NMR spectroscopic data of the malonyl group in the present study showed significant differences with values reported in the literature. The chemical shifts of the methylenes between the two carboxyls of the malonyl group were w44.176e 44.801, which represented different values than those cited [8e11]. In the 1 H-NMR spectrum, the chemical shifts of H-5 00 and H-6 00 were w3.98e4.03 and w4.94e4.97, respectively, which are reported here for the first time. By normal-phase silica gel TLC (n-BuOH-CH 3 Malonyl ginsenosides are unstable, not readily available, making them more difficult to analyze by HPLC than their neutral counterparts, and not used as indices for evaluation and quality control of ginseng. However, they are reported to be present in significant quantities in ginseng species, so the conventional evaluation index may not comprehensively reflect all ginseng properties or processed products. This study reports a simple and efficient way to prepare malonyl ginsenosides, as well as their physicochemical and NMR data, which provided scientific basis for the preparation of the standard substance.
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